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NOVEL SENSOR CONHGUR ATION 



FIELD OF THE INVENTION 

Ihe present invention xelates to a novel device for use in a Upid membianc biosensor^ 
5 methods of pxuparing fhe device and s^lications tfaeieof . 

BACKGROin^ OF THE INVENTION 

Biosensoxs b&sed on ion channels or ionc^hotiej3 conialned within l^d membranes that axe 
deposited onto metal electrodes^ and where the ion channels are switched in the presence of 
analyte molecules have been described in Intcmationdl Patent Application Numbers 

10 W092/17788, WO 93/21528, WO 94/07593 and UJ>. Patent Numbers 5;204,239 and 
6,432^29 and Australian Patent Application Numbers. 56188/94, 66063/96, 38643/95, 
59925/96, 15851/97, 77509/98, 77510/98, 26283/97, 51444/93, 56403/96, 40787/89, 
14657/92, 21279/88, 50334/90, 59926/96 and 65327/94 (the disclofijures of which are 
mcoxpotated herein^by xcfcmsai^). As is disclosed an these applications, ionophores such as 

15 gramicidin ion channels may be co^lisperscd with amphtphilic molecules, thereby forming 
lipid mcmbrantes with altered properties in relation to the permeability of ions. There is also 
disclosure of various methods of gating these Ion channels (for example, the lateral 
segregation mechanism disclosed In intematicaial Patent Application WO90/08783) such 
that in resposnse to fhe binding of an analyte to a binding partner attached to the membrane, 

20 ttic conductivity of the membrane is altered. The applicati<ms also disclose methods of 
pkoducing membranes wiHi improved-sensitivity using a surface amplifier effect, and 
improved stability and ion fltix using cheznisorbcd arrays of amphiphillc molecules attached 
to an electrode surfoce. The applications furtt\er disclose means of producing lipid 
membranes incorporating ionophores on said chemlsorbed amphiphillc molecules* There is 

25 also disclosure of means of improving reproducibility, gating response towards an analyte, 
lateral segregation response, surface amplifier effect, and stability in serum, plasma and 
blood. 



One diffictilty observed with membtane-based biosensors is that the introduction of air to 
the Epid membrane surface in an uncontrolled fashion results in permanent disruption of 
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membrane functiun due to the high intcifacial energy Invoh^'ed. This imposes xestzictians on 
fhe manufactinSng process and use and application of the sensor. There is a need to provide 
feixnats for a membrane-based biosensor tiiat stabilise ttie membrane to the introduction of 
air in an uncontrolled foshion. 

5 SUNfMARY OF THE INVENTION 

In a first aspect, the present invention provides a device comprising a well defined within a 
stdbstrate, said siibstrate comprising, in scquience/ a first base laycr^ a second hydrophobic 
layer, and a ttiird hydrophilic layer; said well extending from the tipper surface of the base 
layer ttmnigh the second and third layers to provide an opening in the upper surface of the 
10 third layer wherein a lipid membrane comprising a closely packed array of self-assembling 
amphiphilic molecules extends across the v^ell wittiin the region defined between the first 
base layer and ttie third hydrophilic layer. 

Optionally, die device further comprises a fourth hydrophobic layer wherein said well 
further extends to the upper surface of the fourth layer. 

15 in a second aspect there is provided a medxod of forming a device comprisini; flie steps of: 

(i) depositing a first base layer; 

(ii) depositing a second hydrophobic layer on die first base layer; . 

(iii) depositing a third hydrophilic layer on fhe second hydrophobic layer to form 
a substrate; 

20 (tv) forming a well in the substrate extending £rom the upper surface of the base 

layer ttirough the second and third layers to provide an opening in fhe upper 
surface of die third layer; and. 

(v) forming a lipid membrane comprising a closely packed array of self- 
assembled amphiphOlc molecules within the well such that it extends across 
25 the well within fhe region defined between the first base layer and the third 

hydrophilic layer. 
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Optiondlly^ the method furOier comprises the step of deposltii^ a fourth hydrophobic layer 
on the third hydiophilic layer wherein said well is fotxned so as to extend to the upper 
surface of ftic fourtti layer. 

In a third aspect there is provided a method of preparing a membrane-based biosensor 
5 comprising the steps of: 

(a) adding a solution of stxeptavidin/ avidin, neutravidin^ a vidin or stieptavidin 
derivative onto the surface of a device according to the first aspect wherein 
the lipid membrane of said device comprises one or more biotinylatcd 
gramicidin ion channels aivd/or one or more biotinylated membrane 

10 spanning lipids; 

(b) rinsing the device with an aqueous solution in order to remove excess 
stieptavidin^ avidin, neutravidin or other avidin or streptavidin derivative; 

(c) adding a solution of a biotinylated receptor molecule so that the receptor 
molecules attach to the membrane via ttte biotin-streptavidin-biotin linlc; 

15 (d) rinsing the membrane with an aqueous solution; 

(e) removing the device horxx the aqueous solution and allowing to draitv auch 
that a bead of aqueous solution is retained widiin the well of the device. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows in schematic form a well of a device according to cme embodiment of the 
20 present invention. 

Figure 2 shows in schematic form a well of a device according to another embodiment of the 
present invention in wliich the opening of the well is overlaid with a hydrophilic mesh. 

Figure 3 shows in schematic form a device according to an exnbodiment of the present 
Inventiuru 
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DETAILED DESCRIPTION OF THE INVENTION 

In a first aspect, the present invention provides a device compiiisixig a well defined wtfhixt a 
substrate/ 9did aubstzsitc camprlskig, in sequence/ st first base layer, a second hydrophobic 
layer, and a thlid hydiophilic kiyez; said well extending from the upper aurfacc of die base 
5 layer throu^ die second and Ihiid layers to pnivicte an opcxiing in the upper surfiace of the 
third layer wherein a Bpid membrane compd^g closely packed axray of sdf-assembling 
amphiphilic molecules extends across the well wiOnJn due region defined between die first 
base la3rer and the third hy drophilic Iscyei. 

Optionally, ttic device fiirdier comprises a fourth Hydrophobic layer wherein said well 
10 further extends to the upper surface of the fourfli l^yer. 

Preferably, the lipid membrane is composed such trhat the impedance of the membrane is 
dependent on the presence or absence of an anai]^^ to be detected. The composition of such 
membranes are described in detail in the publicattotis referred to herein. 

The pru0cnt inventors have found tiiat the device rnduding tiie features of the Bxsit aspect 
15 can retain a protective t>ead of a pQlat liquid, 6uch as water or an aqueous solution^ on the 
membrane surfece thereby stsibilislng the membiane to the Introducdon of air. 

The dimensions of the well ate preferably selected such that the bead of retained polar liquid 
is of sufficient size to prevent contact of the membjrane with air, but still be capable of rapid 
exchange with analytc solutions or other soluticms. JS^amples of suitable dimensions are: for 
20 the first layer, 50 to 150 nm^ preferably 100 nm; for the second layer, 100 to 300 nm, 

preferably 250 nm; for the third layer, 400 to 600 mrt, ptofctably 500 nm; and for the optional 
fourth layer, 100 to 300 nm, preferably ZOO nm. Preferably, the opening of the well is 
substantialty ducular with a diameter of from about 10 to 200 microns, more preferrably 20 to 
150 microns and most preferably 100 microns, 

25 Preferably, the first base layer is a conductive layer. 'IWs enables the device to act as a 

component in an electrode sensor using, eg, the ion channel switches known in the art. The 
Conductive layer may be formed from any conductive material capable of acting as electrode 
including gold, silver, coppef, conducting polymexrs and the like. Gold is particularly 
preferred. 
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The thitd hydrophilic layer cofxnpiiscB a h.ydrophilic materiaL The hydrophllic material may 
bo of any suitable type which has some afGnity for the polar liquid and ia preferably 
metallic, ccriunic or polymeric* 

Tt is further preferred that the hydrophitic rnaterial is sclcxiied from the grovtp consisting of 
5 silicon caibide^ silicon oxidc^ idlicon dioxide, titanium dibromidc, titanium oxide^ titanium 
nitride^ zinc oxide^ zirconium dioxide, magnesium oxide^ iron oxides, graphite, boron 
nitride, chromium nitnde, and poly vinylidene fluoride. Titanium oxide is particulaily 
preferred* 

Ihe second and optional fourth hydrcrphobic layers may be formed firom any suitable . 
10 hydrophobic material that resi<;t wetting by ttic polar liquid. The materialf^ to form ttie 
second and optional fourth layers may be the same or di^renL 

It is preferred that the hydn>phobic material is an organic polymer and/or is selected from 
the group ccmsisting of polyamides^ PVC, polystyrenes, polyesters/ polycazbanatcs, 
polyurethanes, nylons Glass fibre. Plasties/ Silicon rubbc^GS, Latex, glass, vinyl, phenolic, 
15 resins, brass, Tetrafluoroethylene Octadecyltrichlorosilane, Teflon, ^con nitride, Silicon 
carbide, aluixmuum nitride, oxidised silicon carbide. Butadiene Styrene, Ethylene vinyl 
acetate/ and PTPE (polytctrafluoroethylene) polymer. It is preferred that the hydtophdbic 
material is oxidised silicon carbide or aluzxiinium nitride. 

In a furtlicr preferred exnbodiment the third hydrophilic layer comprised titanium oxide and 
20 the secc^d hydrophobic layer comprises oxidised silicon carbide* 

In a preferred form^ the internal drcumfexence of the well is varied such that it is greater in 
the region defined by the fourth hydrophobic layer than in the region defined by the second 
hydrophilic layer. 

In a further picfeired form, a mesh covers at least a portion of die well opening. This allows 
25 the well to retain the polar liquid moxe tenaciously by increasing the capillary force and 

therefore allows for the size of the well and hence the size of the electrode to be maintained. 
In a more preferred embodiment, the mesh is formed as an extension of the optional fourth 
hydrophobic layer. 
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Ihe mesh may fonxi any tesselating pattezxt/ such as rectangular, square, txiangular^ 
hexagonal and the like. A hexagonal pattern is partieulaiiy preferred, llie waUpaititians of 
ftie mesh are preferably from 1 io 10 run in ttdcktess and the individual cells oxc preferably 
from 20 to 100 nm wide at their widest point 

5 It woidd be understood by those skilled in the art tha.t sensor according to the present 

invention may include a pltirality of wcUs in a single substrate thus allowing for an array of 
the wells to be formed. 

Turning to Figure 1, a portion of a device including the features of the present invention is 
depicted. The sensor comprises a lanuxiar substrate comprising a siliccm support 1, a 

10 titanium layer 2 of about 5 nm thickness, a first condxictivc base layer 3 of gold of about 100 
nm in thickness, a second hydrophobic layer 4 of silicon nitride of about 200 nm in 
thickness; a third hydrophilLc layer 5 of ^con oxide of abut 5UD run in thickness^ and a 
fourth hydrophobic layer 6 of about 200 nm thickness. A well 9 is defined wittiin the 
substrate such that it extends from the upper surface of the base layer through the second, 

15 third and fourth layers to provide a well opening 10 in the upper surface of the fourth layer. 
A membrane Ls located within (he region of the well defined by the second hydrophobic 
layer, the membrane comprising a lower first layer 7 and aii upper second layer 8 of closely 
packed amphiphilic molecules and a plurality of ionophores with at least a proportion of the 
molecules and ionophores of the lower first layer 7being connected to the upper surface of 

20 the first conductive layer 3 by means of Uxvleer groupf». 

As can be sccrv the intcmal circumference of the well is varied such that it is greater fn the 
region defined by fourth hydrophobic layer 6 thaxi in the region defined by the second 
hydrophobic layer 4. 

Turning to Figure 2/ a top view of four wells 11 in a sxibstrate is delayed in which the 
25 opamigs of the wells are covered with a liexagonalnnesh 12. The mesh in ttds case is siUcon 
dioxide. A further layer of silicon nitride 13 coats the remainder of the substrate surface. 

Figure 3 displays the mcmbxane-based biosensor of figure 1 in which a bead of liquid 14 is 
trapped in the well above the surface of the membrane by the arrangement of hydrophilic 
and hydrophobic layers. 
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Tti a second tufpcct there is provided a mediod oi fanning ei device comprising the steps ofc 

(i) depositing a fizst base hxyex; 

(ii) depositing a second hydrophobic Jayer on the flist base layer; 

(in) depositing a third hydtophiHc layer on the second hydmphoMc layer to fbnn 
5 a substrate; 

(iv) forming a well in the substrate extending from ttic upper sur&ce of the baae 
layer through the second and third layers to provide an opening in the upper 
surfiice of the third layer; and 

(v) forming a I^id membxane comprising a closely packed cirray of self- 

10 assembled amphiphilic molecules within the well such that it extends across 

the well within the region defined between the first base layer and flie tiiird 
hydrophilic layer. 

Optionally, the medaod further comprises ftie step of depof^ting a fourth hydrophobic layer 
on fl^e third hydrophilic layer wherein said weUis fomied so as to extend to fl^ Upper 
• 15 surface of the fourth layer, 

Prcfcrably, the first base layer is deposited on a lay^er o£ titanium of a su|:^Tt material 
comprising a silicon support and the layer of titanixuzu Mc»re preferably^ the sxtpport 
material is formed by depositing a layer of titanium on the cdlicexi support. Even more 
pref^ably, ttie silicon support is a single crystal silicon wafer. 

20 Piefcrably, the first base layer is from 50 nm to 150 xun thid^ more preferably 100 nm thick. 
Preferably, the second hydrophobic layer is from 100 nm to 300 nm dilclg more preferably 
200 nm thick. Preferably, the third hydmphiUc layer is from 400 nm to 600 nm «iick, more 
preferably 500 nm thick. Preferably, the optional fcnitth hydrophobic layer Is from 100 nm 
to 300 nm ttuckr more preferably about 200 nm thick. Preferably, the opening of the well \& 

25 substantially circular with a diameter of from aboixt 10 to 200 microns^ more preferably 20 to 
150 microtis and most preferably 100 microns. 
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IVcf erdbly; the fixst base layer is a conductive layer, more pzcfeiably tlie conducH ve layer is 
formed from geld. 

The third hydtophilic layer comprises a hydrophilic materiaL The hydrophilic material may 
be of any suitable type which has some affinity for the polar liquid and i3 preferably 
5 metallic/ ceramic or polymeric. 

It further preferred that the hydrophilic material is selected from the gcojxp consisting of 
ailicon carbide^ silicon oxide, silicon dioxide, titardttm dibromide, titanium oxide, titaiuum 
nitride, zinc oxide, zirconiuTn dioxide, magnesium oxide, iron oxideSy graphite, boron 
nitride, chromium nitride^ and poly vinyttdene fluoride. Utanium oxide is particularly 
10 preferred. 

Ihc second and opticmal fourth hydrc^hobic layers may be formed from any suitable 
hydiY)phobicmaturla1 that resist wetting by the polar liquid. The materials to form the 
fsecond and optional fourth layers may be the same or difterent. 

It is preferred that the hydrophobic material is an organic polymer and/ or is selected from 
. 15 the group consbting of polyamidcs, PVQ polystyrenes, polyesters, polycarbonates/ 

polyurcttianesy nylons Glass fibre/ Plastics, Silicon rubbers^ Latexr glass, vinyl/ pheru>lic, 
resins, brass, Tetrafhioxoetfiylene Octadccyltrichlorosilane, Tcflonu Silicon nitride, SiCcon 
carbide, aluminium nitride, oxidised silicon carbide/ Butadiene Siyrene, Ethylene vinyl 
acetate, and PTFE (polytetrafluoroethylene) polymer. Tt is preferred that the hydrophobic 
20 material is oxidised silicon catbide or aluminium nitride. 

Preferably, the well is formed by etching- 

Preferably, die lipid membrane comprises a toiver first membrane layer aiul an tipper 
second xnexiibrane layer and wherein the lipid membrane further comprises a plurality of 
ionophores with at least a proportion of the molocules and ionophoics of the lower first 
25 layer being connected to tite upper surface of the first base layer by means of linker groups* 

More preferably, the step of forming the lipid membrane comprises; forming a first solution 
containing one or more amphlphilic molecules, one or more linker groups and one or more 
iano{dtores in a first organic solvent (preferably ethanol); contacting fhe first base layer of 
the well with the first solution to form ttie lower first membrane layer coirqpzising a closely 
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packed array of said amphiphilic molecules and said ioxiophores wherein said lower fijst 
membrane layer is connected to the first base layer l>y means of said linker groups; rinsing 
ttic device with a suitable second organic solvent (preferably cthanol); removing the access 
second organic solvent; forming a second solution of one or more amphiphilic molecules 
5 and one or more ionophores In a suitable tiwdoTga]iicsohrent(prefi^^ 

contact!!^ the secoxid solution wift the device con^prising said first lower membrane layer 
to form ttie second layer membrane layer; xixunng ttie device with an aqueous solution; and 
removing the device frcmt the aqiieous solution and aUowing tod 

Preferably, said second organic solvent is removed "by rapid air drying. 

10 Preferably, Immediately upon removal of the excess second organic solvent the device is 
Immei^ed in the third solution. 

Preferably, the one or more lonophorcs comprise gramicidin A or an analogue ti\ereof . Moic 
preferably, the one or more ionophores are biodnyl^ted . 

Preferably, one or more receptors are attached to ttw2 surface of the membrane* Mote 
15 preferably, the one or more receptors are attadted to the membrane by using streptavidixv 
avidin or one of the related biotin binding-proteins. Even more preferably, one or mdre 
receptors are coupled to one or more biotinylated gramicidin ion channels and/or tu one or 
more biotinylated membrane-spanning lipid. 

In a third aspect there is provided a method of preparing a m(»nbrane43a8ed biosensor 
20 comprising the steps of : 

(a) adding a solution of stzeptavidin, avxdin, neutravidin, avidin or streptavidin 
derivative onto the surfece of a device accorxling fo the first aspect wherein 
the lipid membrane of said device cnrmptitfes one or mote biotinylated 
gramicidin ion charmels and/or one or more biotinylated membrane 

25 spanning lipids; 

(b) zinsing tlie device with an aqueous solution in order to remove excess 
stseptavidin^ avidin, neutravidin or other avidin or streptavldin derivative; 
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(c) adding a soluiion of a biotinylafed receptor molecule so that fhe receptor 
xnolecules attach to the membrane via the falotin-f;treptavIdin-blottn linlc; 

(d) xinsing fhc zncmbranc with axi aqueous sohition; 

(e) removing the de vice firom the aquccras soludon and allowing to drain, sudi 
5 that a bead of aqueous solution is retained within the well of the device. 

Ptefeiably; the electxode is stored at between minus 7Sy*C and plus 5^ 

The piCfTaratiun of a device in accordance vji&i an embodiment of the present invention will 
now be descnbed. The enibodiment is concencicd wititi device that can be used as a 
component in an electrode sensor dtat detects the presence of an analy te by an adjustment in 
10 (he conductivity of the membrane, it woulcl be clear to a person sldlled in. (he art, however, 
that devices and methods of the present invention also extends to other techniques for 
detecting tlie presence of an analyte using a device such as by using fluoresence techniques 
and ftic like. 

A device according one embodiment to the present invention compxasing a sulistratc having 
15 a well defined tiierein can be prepared by: 

(1) Taking a 8ix{^rt material and depositing on it in sequence a layer of CiCardum typically 
Snm in IhicknesS/ a layer of gold typically lOO nm in thickness which forms an electrode of 
the membrane-based biosensor, a hydrophobic layer typically 200 nm in thicknesS/ a 
hydxophilic layer typically 500 nm in diickness, and optionally a hydrophobic layer typically 

20 200 nm in thickness to form a laminar substrate; and 

(2) Etching file substrate to form a well or wells with the requirod geometry; and 

(3) Cleaning the etched substrate and reducing gold oxides on the surface. 

it is preferred that the support material is a single crystal silicon wafer. 

ft is preferred that the electrode area is wet etched using a photolithographic patterning 
25 - approach. 

It is piufcxxcd that the gold electrode consists of a freshly evaporated or sputtered gold 
dcctrodc. 
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A membrane can then be formed in the wett of the device by: 

(4) Fonnfng a solution containing aznphiphilic moleciilcs^ linkens and ionuphozes; and 

(5) Contacting ihedcmed gold base of the ivell Willi the whitiozi, to form a fiist layer 
membrane comprising a closely packed array of ampHiphilic molecules and a pHtrality of 

5 lonophores, the first layer membrane being connected to the electrode by means of a linker 
group; 

(6) Rbnaing the wafer with a suitable organic solvent; sa\d 

(7) Removing the exc^ organic solvent used for xin^zig; 

(8) forming a solution of lipid and a plurality of ionophoies, dispersed in a suitable solvent; 
10 and 

(9) Contacting the solution with the electrode containing a first layer membrane to form a 
second kyer membrane 8 as described in the ptior art; and 

(10) Kinsing the electrode razface with an aqueous solution; and . 

(11) Removing the electrode from the aqueous solutioxi arul allov^ng to drain. 

15 The membrane so fonned extends acrostf the well witliin the region defined between the first 
base layer and the diird hydrophilic layer. 

It is preferred that the solvent for the adsoxbing solutions in steps (4) and (8) and for ttic 
rinsing step (6) is cthanoL It Is further preferred that in step (6) the solvent is removed by 
rapid air drying* 

20 ft is pn^fezxed that immediately upon removal of exceiss solvent in step (7) the electrode is 
iinmersed in the solution described in step (8). 

Tt Is preferred fliat the ioncphore in step (8) is gianuciclin A or an analogue thereof. It is 
further prefeircd ftiat this molecule is biotlnylated to enable subsequent binding of 
streptavldin or analogues diereof . 
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It is pzefeKied that rinsing step (10) is carried out before the solvent dcainsi from the bilaycr 
znezhbrane fonned in step (9). 

Qnco flic mcmbianc has bccaa formed, the membrane can be further f unctionalised In order 
to provide for the detection of the presence of analyte by the membranje-bascd biosensor. 
5 One convenient method to attach appropriate receptots to tite durfoce of a mombrmc is by 
xudng iftccptavidin, ovidin or one of the related biatin binding-proteins as a means of 
coupling a wide range of receptors onto a faiotiziylatGd gramicidin ion channel or membrane- 
spanning lipids An example of such a process comprises the steps of: 

(a) Adding a sohition of streptavidin, avidin/ neutravidm^ avidin or streptavidin 
10 derivative onto the &ur&cc of ttic memb^rane of a membrane-l>ased biosensor 

according to the present invention in wltich at lca2$t a portion of ttie components are 
biotinylated; 

(b) Rinsing the electrode with an aqueous solution in order to remove excess 
streptavidin, avidin^ neutravidin or other avidin or streptavidin derivative; 

15 (c) Adding a solution of a biotinylated receptor molecule so that the receptor molecule is 
attached to the membrane via the biotin-streptavidin-biotln link; and 

(d) Rinsing the coated electrode with an aqueous solution; and 

(c) Removing the electrode from the aqueous solution and allowing to drain^ such that a 
bead of wa ter is retained within the well of the device; and 

20 (f) fJtoring the electrode at reduced temperature. It is preferred that the electrode is 
stored at t>etween minus 20^C and plus 5^C 

It is preferred that the biotinylated receptor molecules arc introduced into the well of the 
device using an Inkjet robot. 

It can be scm from the example above of attadning biotinylated receptor molecules to the 
25 surface of the membrane that the ability to retain liquid on the surface of the membrane in a 
controlled fashion enabkss fabrication using a simple sequential dipping technology. IWs is 
highly advantageous in terms of the reduction of manufacturing costs by removing the 
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requirement for the complex liquid handling systems which are otherwise necessary to 
avoid the formatian of a uiembranc-disrupting air-Uquid interface during the manulacturing 
process. 

This simple sequential dipping technology allows for a desired sensor configuration to be 
5 rapidly assembled foy combining a stored ixienibtane with a an appropriate receptor 

solution, Ihfs process, combining prevtously prepared and stared coocqponentS/ allows for 
simplified fabrication which can be carried out remotely firom the point of manufacture. 

Further, as a consequence of tiie increased retention of the bead of liquid provided by the 
present invention, it is envisaged that the membrane of a device of the pjcsent invention 
10 may be dried in a relatively controlled f asVdon such that the lipid membrane retains its 

function^ structure and activity when resolvatcd. This will assist in the storage and handling 
of devices according to the presmt invention. 

Tt is preferred that in ttic drying process the amoimt of liquid retained above the membrane 
be reprodudbly and precisely controlled. Hence metihods of drjring such as lyophilisatiotv 
15 evaporation^ or ei^aporation over controlled humidity^ are preferred. 

The devices of the present invention provide further advantages in aimpliiylng the analytc 
detectKm process in that it allows for ttte use of air bubbles to separate difiezent components 
of a liquid flow stream. Theuscof airtos^aititedlfiferentcozxqKmentsof al^ 
stream and prevent their mixing Is well known In the art^ but has not previously been 

20 applicable to lipid membrane sensors due to the possibility of permanent disruption of ttte 
membr^e* The devices of the invention provide a membrane which is protected from the 
effects of the uncontrolled introduction of air or gas by the presence of a trapped bead of 
polar liquid or solvent. By retaining liquid on the lipid membrane surface even in the 
presence of air^ the present invention sdlows, for example^ the sequential passage of rinse, 

25 calibration and analyte solutions over the membrane with each solution being separated 
from £hc next by interposition of an air bubble. This avoids the requirement for complex 
liquid handling systems or procedures which are otherwise necessary to avoid mixing and 
hence cross-contsiminatian of the different components during the analytical procedure. As 
will also be readily apparent to those sIdlleKi in the art^ diis decreased susceptfl>niiy to die 

30 piesenceof air allov^fiDT a more rugged assay procedure. It is C9^>ected tiiat the present 
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ixiv^ition will be 2xi<^ tolerant to the presence of transient air Imbbled in ttte test solutions, 
ulimitiating ttte need to treat samples or introduce procedures to remove air from die S3rstem« 

Throughout tVite specification the word "comprise* V or variations such as "comprises" or 
"comprising", will be understood to imply the inclusion of a stated element, integer or step, 
5 or groiq> of elements, integers or steps, but not the exclusion of any other element, integer or 
step, or group of elements^ integers or steps, 

AH publications mentioned in ihis specification are herein Incorporated by reference. Any 
discussion of documents, acts, materials, devices, articles or the like which has been 
included in ihe present specification is solely for the pxupose of providing a context for the 
10 present invention. It is not to be taken as an admission that any or all of these matters form 
part of the prior art base or were common general knowledge in the field relevant to the 
present invention as it existed anywhere before the priority date of each claim of this 
application. 

It will be appreciated by persons skilled in the art that numerous variations and/or 
15 modifications may be made to the invention as shown in the specific embodiments without 
departing from ttie spirit or scope of the inventiork as broadly described. The present 
embodiments are, therefore, to be considered in aUtespcxTts as iUustrativc and not restrictive. 



